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Abstract  
Prompted by the constructed wetland without long-term stable operation and anaerobic baffled reactor (ABR) with 
higher suspended solid (SS) removal rate, a full-scale ABR-constructed wetland integrated sewage treatment system 
was designed and applied to treat low strength rural sewage in Yunnan, China. All the trials lasted 36 months, and 
the results of trial indicated that SS removal rate of the ABR stage and the integrated system was over 75% and 86% 
at 23ć. When the temperature decreased to 13 , the ć SS removal rates of ABR stage could maintain 65.26%. The 
hydraulic retention times (HRTs) of anaerobic digestion tank, anaerobic contact tank, surface flow constructed 
wetland and underflow constructed wetland were set as HRT1, HRT2, HRT3 and HRT4, respectively. At 20~25 , ć
under the condition that HRT1=61h, HRT2=49h, HRT3=7h and HRT4=7h, the COD, TN, TP removal rates of 
integrated wastewater treatment system could be over 81.19%, 82.33% and 67.25%, respectively. Based on the 
results of trial, the extending the constructed wetland's operational life was evaluated, and the mechanisms of higher 
efficacy and long-term stable operation of integrative sewage treatment system in treatment of low strength rural 
sewage were owed to high efficient SS removal rate at ABR stage.  
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1.  Introduction 
 Constructed wetland had been studied and applied widely, and it was an important control measure 
work for water body pollution prevention and ecological restoration[1~5]. But, the present constructed 
wetland has a variety of shortcomings such as: prone to be clogged, hard to maintain, can’t higher 
efficacy and no long-term stable operation. The chiefly causes that present constructed wetland prone to 
been clogged which causes to short-circuit was owed to high suspended solid (SS) concentration in 
sewage. As a result, the working volume of treatment system reduced remarkably, and the water quality 
of effluent could not meet with the requirements totally. If some effective measures are taken to reduce 
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SS concentration of sewage enter constructed wetland, the probability that constructed wetland being 
clogged would be reduced remarkably. According to the viewpoint that ABR stage with higher SS 
removal rate, it would be reduced SS load remarkably and the following constructed wetland can 
maintain higher efficacy and long-term stable operation. So, the operation of system would be extended 
remarkably and with long-term stable higher efficacy. Prompted by this purpose, an ABR-constructed 
wetland integrated sewage treatment system that ABR was integrated with constructed wetland was 
designed to treat rural sewage. All the trials lasted 36 months, including the main trials which lasted 18 
months and the following subsidiary trials which lasted 18 months. 
2.  Materials And Methods 
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Figure1. Schematic diagram of integrated reactor 
 
The full-scale ABR-constructed wetland integrated sewage treatment system was built in 2005. the 
ABR was composed of anaerobic digestion tank and anaerobic contact tank. The working volume of 
anaerobic digestion tank is 130m3 with length of 10m, width of 10m and height of 1.3m (working height 
of 1.1m and safeguard height of 20cm). The working volume of anaerobic contact tank is 104m3 with 
length of 8m, width of 10m and height of 1.3m (working height of 1.1m and safeguard height of 20cm). 
At this stage, the two anaerobic tanks with higher SS and organic removal rate can reduce SS load of 
following constructed wetland. The following constructed wetland was composed of surface flow 
constructed wetland and underflow constructed wetland. The working volume of surface flow 
constructed wetland is 278.8m3 with length of 33m, width of 6.5m and height of 1.3m (working height of 
1.1m and safeguard height of 20cm). The working volume of underflow constructed wetland is 297m3 
with length of 33m, width of 9m and height of 1.2m (working height of 1.0m and safeguard height of 
20cm). The wetland plants were composed of phragmites australis, Cannaindica and cyperusalternifolius. 
Details of integrated system can be found in Figure1. 
2.2 Sewage and Start-up Phase 
 This full-scale integrated system was fed the sewage of xiaoyizi village which located in Hongta 
District Yuxi Yunnan. The water quality of sewage was shown as follow: COD=90~150mg/L, 
pH=6.8~7.4, TN=75~85mg/L, TP=7.2~ 8.5mg/L, SS=62~85mg/L, the temperature of sewage was 6~28
ć. 
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The hydraulic retention times (HRTs) of anaerobic digestion tank, anaerobic contact tank, surface 
flow constructed wetland and underflow constructed wetland were set as HRT1, HRT2, HRT3 and HRT4, 
respectively. By calculated, the HRT1, HRT2, HRT3 and HRT4.were 92h, 74h, 10h and 10h at the start-up 
phase. During the rainy season, the HRT1, HRT2, HRT3 and HRT4 reduced because the surface runoff 
increased. Under hydraulic loading of 50m3/(m2·d), HRT1, HRT2, HRT3 and HRT4 in rainy season were 
61h, 49h, 7h and 7h, respectively. The integrated system began to start up at 2006. Without inoculation 
sludge, the start-up phase of anaerobic digestion tank and anaerobic contact tank lasted 3 months. But, 
the growth periods of phragmites australis, Cannaindica and cyperusalternifolius in constructed wetland 
must last 9 months. So it can be said that the start-up process of integrated system was completed after 
run 9 months.  
The HRT of start-up and the following run was not easy to adjust because the integrated system is full-
scale. So, the HRT1, HRT2, HRT3 and HRT4 were stable. They only changes during rainy season when 
the surface runoff changes.  
2.3 Analytical Methods 
 The pH value was measured using a portable pH meter. COD was determined calorimetrically based 
on digestion with potassium dichromate in concentrated sulphuric acid for 1h at 150ć. The BOD5 was 
measured by using dilution inoculation method. TP and TN were analyzed according to Standard 
Methods [6]. SS and VSS were analyzed and counted out according to standard methods[7]. The samples 
of main trials were monitored at least three times each month, and the samples of following subsidiary 
trials were monitored at least one time two month. 
3.  Results And Discussion 
3.1. SS Removal Rate of integrated System 
The SS removal rate of ABR is the key factor of determination for maintaining higher efficacy and 
long-term stable operation. Under the condition that HRT1 =92h, HRT2=74h, HRT3=10h and HRT4=10h, 
at (20±4) , the SS ć concentration of longitudinally down the integrated system were depicted in Fig.2. 
As shown in Fig.2, the average SS concentration in influent was about 83.42mg/L. After been 
treated by the ABR of anaerobic digestion tank and anaerobic contact tank, the average SS concentration 
in effluent decreased to 21.1mg/L. The SS removal rate of ABR stage was about 75%. The results of trial 
indicated that the ABR stage can decrease remarkably SS load of following constructed wetland. When 
the sewage was treated by surface flow constructed wetland and underflow constructed wetland, the SS 
concentration decreased to 11mg/L in effluent with the SS removal rate of integrated reactor over 86%. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2 SS removal rate of longitudinally down the system 
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3.2 Effect of Temperature on SS removal rate of ABR stage 
The temperature of treated sewage was 11̚25ć. In order to find out the effect of temperature 
on efficacy of the integrated system, the SS removal rate under temperature gradients of 13ć, 18ć 
and 23ćwere investigated, respectively. The relationship between SS removal rate and temperature 
was shown in Fig.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in Fig.3, the SS removal rate of ABR stage was about 71.35% at 23ć. With the 
decreasing of temperature, the SS removal rate decreased accordingly. It could maintain 69.04% at 
18ć. At last, the SS removal rates decreased to 65.26% when the sewage temperature decreased to 
13ć. The results of trial indicated that low temperature has adverse effect on SS removal rate of ABR 
stage to some degree. The chiefly causes can be drawn as follow: The lower temperature, and the higher 
viscosity, which causes slow diffuse rate. The probability that constructed wetland been clogged would 
be increased by the increasing SS load. Based on the relationship between SS removal and temperature, 
the conclusion can be drawn that low temperature has disadvantage effect on the higher efficacy and 
long-term stable operation of constructed wetland. 
3.3 COD, TN and TP removal rate of integrated system 
At 20~25ć, it was rainy season (HRT1=61h, HRT2=49h, HRT3=7h and HRT4=7h). Under the 
condition that the sludge discharge of ABR was zero, the COD, TN and TP removal rate (standard 
deviation(S) 2.55%) longitudinally down the integrated system were depicted in Fig.4. 
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Fig.3 SS removal rate VS temperatures 
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As shown in Fig.4, the COD, TN and TP removal rates of ABR stage were 30.28%˄S=1.42%˅, 
31.32%˄S=1.35%˅and 34.44%˄S=2.22%˅, respectively. When the sewage was treated by surface 
flow constructed wetland, the COD, TN and TP removal rates were 78.1%˄S=2.33%˅ , 83.42%
˄S=2.55%˅  and 61.2%˄S=2.08%˅ , respectively. At last, the COD, TN and TP removal rates 
81.19%˄S=2.26%˅ , 82.33%˄S=1.92%˅and 67.25%˄S=2.33%˅with the COD, TN and TP 
concentration of 30mg/L, 10mg/L and 2.3mg/L in effluent, respectively. 
3.4 The following subsidiary trials 
In order to find out the integrated system with higher efficacy and long-term stable operation or not, 
the following subsidiary trials were continued by our research after completed 18 months’ main trials. 
The results of following subsidiary trials indicated that the SS removal rate of ABR stage still maintain 
higher level, and the COD, TN and TP removal rates of integrated system still maintain higher level. So, 
the result of the following subsidiary trials indicated that the integrated system with higher efficacy and 
long-term stable operation. 
4.  Discussion 
 Based on the results of trial, the mechanisms that integrated system with higher efficacy and long-
term stable operation can be due to that ABR stage with higher SS removal rate and can decrease excess 
sludge yield.  
According to the results of past research, the SS removal rate of constructed wetland was over 80% when 
the HRT>6h[8]. The VSS/TSS value was about 50%. If the sludge retention time (SRT)ı15d, 50% 
intercepted TSS by constructed wetland must be degradated[9]. Namely, the stable residual TSS in 
constructed wetland mediator was 40%. As a result, the system without higher efficacy and long-term 
stable operation because the probability that constructed wetland had been clogged would be increased 
remarkably. In order to decrease SS load enter constructed wetland, ABR-constructed wetland integrated 
sewage treatment system was designed by our research group. By ABR, the intercepted SS in constructed 
wetland mediator decreased remarkably and the service life of system would be extended remarkably. 
According to the SS removal rate of ABR stage was over 75%, it can be said that only 25% SS enter the 
following constructed wetland. According to the SS removal rate of constructed wetland was over 80% 
and the VSS/TSS value is 50%, it can be calculated that only 12.5% residual TSS in following 
constructed wetland mediator when rural sewage was treated by ABR-constructed wetland integrated 
sewage treatment system. According to the SS residual rates of individual constructed wetland and that of 
integrated system, it can be calculated that the service life of constructed wetland integrated with ABR 
was 3.2 times at least than that of individual constructed wetland.  
5.  Conclusions 
Based on the results of trial of 36 months, the conclusions can be drawn as follow: 
ķ At 23ć, under the condition that HRT1 =92h, HRT2=74h, HRT3=10h and HRT4=10h, the SS 
removal rates of ABR stage and integrated system were over 75% and 86%. When the temperature 
decreased to 13ć, the SS removal rate of ABR stage can maintain 65.26%. At 20~25ć, under the 
condition that HRT1=61h, HRT2=49h, HRT3=7h and HRT4=7h, the COD, TP and TN removal rates were 
81.19%, 82.33% and 67.25% respectively.  
ĸ Based on the results of trails, the mechanisms that integrated system with higher efficacy and 
long-term stable operation can due to the higher SS removal rate of ABR stage, which can reduced 
remarkably SS load enter the following constructed wetland. As a result, the shortcomings such as: prone 
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to be clogged, hard to maintain, can’t higher efficacy and no long-term stable operation of constructed 
wetland are overcame, and the service life of constructed wetland was extended at least 3.2 times. 
It would enjoy widely application and is continually being demanded both by policy makers and the 
general public in China. 
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